position (Gilbert et al., 1976; Tay et al., 1994; Gannon et al., 1991; Jackson et al., 1994) were listed as factors affect the attachment of bacteria to minerals. Scholl and Harvey (1992) observed an increase in bacterial adsorption after the removal of dissolved organic carbon
affect the attachment of bacteria to minerals. Scholl and Harvey (1992) observed an increase in bacterial adsorption after the removal of dissolved organic carbon T here is growing concern regarding the potential from the bacterial suspension used in the adsorption for contamination of surface and ground water by experiment. The authors explained their results by compathogens from bovine manures. Even though they are petition between dissolved organic carbon and bacteria considered to be a beneficial fertilizer and soil amendfor positively charged surface sites on the sand. Johnson ment, bovine manures are a substantial agricultural and Logan (1996) and Johnson et al. (1996) studied the source of several bacterial human pathogens. Escheeffect of dissolved organic matter on Savannah River richia coli O157 and other EHEC strains are commonly strain A1264 adsorption on quartz and Fe-quartz partifound in beef and dairy cattle (Elder et al., 2000) . Oncles. They concluded that organic matter increased the farm monitoring of E. coli O157:H7 suggests that shednegative surface charge of quartz and bacteria and made ding occurs episodically (up to 10 5 organisms g Ϫ1 feces) the bacteria-quartz interaction electrostatically unfaand can persist for variable periods of time ranging from vorable. Dissolved organic matter has been reported to 1 to 5 mo (Shere et al., 1998; Zhao et al., 1995) . Manureadsorb to bacterial cell walls and alter their electrophoborne pathogens may enter the soil and travel through retic mobility (Gerritson and Bradley, 1987) . vadose zone until they reach ground water (McMurry Manure-borne bacteria are released to the environet al., 1998) . ment along with manure colloids that can travel alongAttachment of bacteria to soil is an important aspect side with bacteria in soils (Shelton et al., 2003) . The of the bacterial fate and transport, along with straining, sewage-derived organic matter was shown to facilitate mechanical filtration, and size exclusion. Bacteria cell the passage of viruses (Pieper et al., 1997) and bacteria surface properties (Lindqvist and Bengtsson, 1991) , (Powelson and Mills, 2001 ) through sands and gravel. properties of soil solid phase (Hagedorn et al., 1978;  However, both attachment and mechanical retention Lindqvist and Bengtsson, 1991) , and soil solution com-(i.e., straining) affect the passage, and the effect of the dissolved organic matter on the attachment cannot be deduced from such experiments. Manure colloids are has never been directly studied in a batch experiment. Escherichia coli is commonly used as an indicator of 
pycnometer method (Blake and Hartge, 1986) . Organic carbon was fitted to data, where S is the equilibrium concentration content was measured with the dry combustion method (Nelof colony-forming units attached to gram of soil (CFU g Ϫ1 ), son and Sommers, 1996) . The values of soil pH were measured C is the equilibrium solution concentration of bacteria (CFU at a solid to liquid ratio of 1:1 (Thomas, 1996) . Selected proper-L Ϫ1 ), K is the reaction equilibrium constant (L CFU Ϫ1 ), and ties of soil are given in Table 1 . The air-dried soil was passed S max is the maximum concentration of bacteria attached to soil through a 2-mm sieve.
(CFU g Ϫ1 ). (Fig. 1) manure as compared with suspensions without manure.
Escherichia coli of the same strain and age were used in all
The maximum equilibrium attachment S max was substan- able to the bacteria. This supports the hypothesis that the surface. Gram-negative bacteria and soil surface are both negatively charged, which makes interaction manure particulates compete with bacteria for attachment sites on soil.
electrostatically unfavorable. An increase in ionic strength reduces the electrical double layer on both the cells and Manure suspensions had both higher ionic strengths and pH (Table 2 ) compared with bacteria suspensions the mineral surface, allowing the cell to approach the surface within the distance at which van der Waals forces in water. Previous studies have shown that increasing ionic strength, due to the increasing solution salinity, exceed electrostatic repulsion. Solution pH has also been found to affect bacteria attachment to mineral causes the increase in attachment of gram-negative bacteria to sand, quartz grains, and silica beads (Marshall surfaces. Scholl and Harvey (1992) observed that a greater number of Arthrobacter sp. were attached to et al., 1971; Sharma et al., 1985; Scholl and Harvey, 1992; Fontes et al., 1991; Mills et al., 1994; Johnson et quartz at pH 5.04 than at pH 7.52. The authors hypothesized that an increase in pH resulted in an increase of al., 1996). Effect of pH and solution composition on the surface charge and electrophoretic mobility of various the negative charge of the quartz surface, such that less negatively charged bacteria cells encountered favorable strains of E. coli has been well documented in literature (i.e., Li and McLandsborough, 1999; Lytle et al., 1999) . attachment sites on the quartz surface. Kinoshita et al. (1993) observed a decrease in P. fluorescens attachment The effect of ionic strength on the attachment of gramnegative bacteria has been explained by the Deryaguinto silica beads as a result of increase in solution pH from 5.5 to 7. They assumed that hydrophobic factors Landau-Verwey-Overbeek (DLVO) theory. According to this theory, the initial contact of colloidal particles or specific chemical interactions dominated over the electrostatic repulsion in bacterial adhesion to silica with a surface is determined by the additive effect of the attractive (van der Waals) and repulsive (electrostatic) beads. The results of our study indicate that the joint effect of increases in both ionic strength and pH can be forces, and that the balance of these forces may result in adhesion of particles at distance of a few nm from quite complex. Assuming the applicability of the DLVO 
